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iv AUTHOR'S PREFACE TO FIRST EDITION.

The fact that they contain the record of research made it
impossible to introduce any essential alterations in the trans-
lation, even in those points about which my opinion has
since changed to some extent. I should to-day express some
of the points in Essays I, IV, and V, somewhat differently ;
but had I made such alterations, the relation between the
essays as a whole would have been rendered less clear, for
each of the earlier ones formed the foundation of that which
succeeded it. Even certain errors of interpretation are on
this account left uncorrected. Thus, for instance, in Essay
IV it is assumed that the two polar bodies expelled by
sexual eggs are identical ; for at that time there was no
reason for doubting that they were physiologically equivalent.
The discovery of the numerical law of the polar bodies de-
scribed in Essay VI, led to what I believe to be a truer
knowledge of them. In this way the causes of partheno-
genesis, as developed in Essay V, received an important ad-
dition in the fact published in Essay VI, that only one polar
body is expelled by parthenogenetic eggs. This fact alone
explains why sexual eggs cannot as a rule develope without
fertilization.

Hence the reader must not take the individual essays as
the full and complete expression of my present opinion ;
but they must rather be looked upon as stages in research,
as steps towards a more perfect knowledge.

I must therefore express the hope that the essays may be
read in the same order as that in which they appeared, and
in which they are arranged in the present volume. The
reader will then follow the same road which I traversed in
the development of the views here set forth; and even
though he may be now and then led away from the direct
route, perhaps such deviations may not be without interest.

I should wish to express my warm thanks to Mr. Poulton
for the great trouble he has taken in editing the translation,
which in many places presented exceptional difficulties. The
greater part of the text I have looked through in proof, and
I believe that it well expresses the sense of the original;
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although naturally I cannot presume to judge concerning the
niceties of the English language. I am especially grateful to
the three gentlemen who have brought these essays before
an English public, because I believe that many English natu-
ralists, even when thoroughly conversant with the German
tongue, might possibly misinterpret many points in the
original ; for the difficulty of the questions treated of greatly
increases the difficulty of the language.

If the readers of this book only feel half as much pleasure
in its perusal as I experienced in writing it, I shall be more
than satisfied.

AUGUST WEISMANN.-

FrEIBURG 1. BREISGAU,

January, 1889.
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Dr. van Rees of Amsterdam, to whom we desire to express
our most sincere thanks. The translation was laid aside
until the summer of 1888, when Mr. Shipley was invited to
co-operate with the other editors in the preparation of the
present volume; the Clarendon Press having consented to
publish the complete series of essays as one of their Foreign
Biological Memoirs.

We think it probable that this work may interest many who
are not trained biologists, but who approach the subject from its
philosophical or social aspects. Such readers would do well to
first study Essays I, I, VII, and VIII, inasmuch as some pre-
paration for the more technical treatment pursued in the other
essays will thus be gained.

The notes signed A. W. and dated, were added by the author
during the progress of the translation. The notes included in
square brackets were added by the Editors; the authorship
being indicated by initials in all cases.

In conclusion, it is our pleasant duty to thank those who
have kindly helped us by reading the proof-sheets and making
valuable suggestions. Our warmest thanks are due to Mrs.
Arthur Lyttelton, Mr. W. Hatchett Jackson, Deputy Linacre
Professor in the University of Oxford, Mr. J. S. Haldane,
and Professor R. Meldola. Important suggestions were also
made by Professor E. Ray Lankester, Mr. Francis Galton,
and Dr. A. R. Wallace. Professor W. N. Parker also greatly
helped us by looking over the proof-sheets with Professor
Weismann.

. P.

>
v w

. S.
Oxrorp, February, 1889.
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published rather later, and, in the meantime, had been some-
what modified. We therefore made a fresh translation of the
essay in its final form, although we are pleased to acknowledge
the assistance derived from the translation in ¢ Nature.’

We have to thank Frau Laroth of Freiburg i. Br., and Miss
Lilian J. Gould, for their kind help in translating two of the
essays. Colonel Ewing kindly assisted us in the correct ren-
dering of many sentences in the Essay on the Musical Sense,
and Dr. H. Gadow also afforded us great help.

E.B. P.
A.E.S.
Oxrorp, July, 1891.
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The Duration of Life.
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hypothetically immortal individual would be shortened by the
amount which was useless to the species. It would be reduced
to a length which would afford the most favourable conditions
for the existence of as large a number as possible of vigorous
individuals, at the same time.

If by these considerations death is shown to be a beneficial
occurrence, it by no means follows that it is to be solely ac-
counted for on grounds of utility. Death might also depend
upon causes which lie in the nature of life itself. The floating
of ice upon water seems to us to be a useful arrangement,
although the fact that it does float depends upon its molecular
structure and not upon the fact that its doing so is of any
advantage to us. In like manner the necessity of death has
been hitherto explained as due to causes which are inherent in
organic nature, and not to the fact that it may be advantageous.

I do not however believe in the validity of this explanation ;
I consider that death is not a primary necessity, but that it has
been secondarily acquired as an adaptation. I believe that life
is endowed with a fixed duration, not because it is contrary to
its nature to be unlimited, but because the unlimited existence
of individuals would be a luxury without any corresponding
advantage. The above-mentioned hypothesis upon the origin
and necessity of death leads me to believe that the organism
did not finally cease to renew the worn-out cell material because
the nature of the cells did not permit them to multiply indefi-
nitely, but because the power of multiplying indefinitely was
lost when it ceased to be of use.

I consider that this view, if not exactly proved, can at any
rate be rendered extremely probable.

It is useless to object that man (or any of the higher animals)
dies from the physical necessity of his nature, just as the specific
gravity of ice results from its physical nature. I am quite ready
to admit that this is the case. John Hunter, supported by his
experiments on anabiosis, hoped to prolong the life of man in-
definitely by alternate freezing and thawing ; and the Veronese
Colonel Aless. Guaguino made his contemporaries believe that
a race of men existed in Russia, of which the individuals died
regularly every year on the 27th of November, and returned to
life on the 24th of the following April. There cannot however
be the least doubt, that the higher organisms, as they are now









28 THE DURATION OF LIFE. (.

animals and plants, which arose from unicellular forms of life,
came to lose this power of living for ever.

The answer to this question is closely bound up with the
principle of division of labour which appeared among multi-
cellular organisms at a very early stage, and which has gradually
led to the production of greater and greater complexity in their
structure.

The first multicellular organism was probably a cluster of
similar cells, but these units soon lost their original homo-
geneity. As the result of mere relative position, some of the
cells were especially fitted to provide for the nutrition of the
colony, while others undertook the work of reproduction.
Hence the single group would come to be divided into two
groups of cells, which may be called somatic and reproductive
—the cells of the body as opposed to those which are concerned
with reproduction. This differentiation was not at first abso-
lute, and indeed it is not always so to-day. Among the lower
Metazoa, such as the polypes, the capacity for reproduction
still exists to such a degree in the somatic cells, that a small
number of them are able to give rise to a new organism,—in
fact new individuals are normally produced by means of so-
called buds. Furthermore, it is well known that many of the
higher animals have retained considerable powers of regenera-
tion ; the salamander can replace its lost tail or foot, and the
snail can reproduce its horns, eyes, &c.

As the complexity of the Metazoan body increased, the two
groups of cells became more sharply separated from each
other. Very soon the somatic cells surpassed the reproductive
in number, and during this increase they became more and
more broken up by the principle of the division of labour into
sharply separated systems of tissues. As these changes took
place, the power of reproducing large parts of the organism
was lost, while the power of reproducing the whole individual
became concentrated in the reproductive cells alone.

But it does not therefore follow that the somatic cells were
compelled to lose the power of unlimited cell-production,
although in accordance with the law of heredity, they could
only give rise to cells which resembled themselves, and be-
longed to the same differentiated histological system. But as
the fact of normal death seems to teach us that they have lost
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but poor consolation to the conscious individual which perishes.
Johannes Miller is therefore right, when in the sentence
quoted at the beginning of my lecture, he speaks of an ¢ appear-
ance of immortality’ which passes from each individual into
that which succeeds it. That which remains over, that which
persists, is not the individual itself,—not the complex aggregate
of cells which is conscious of itself,—but an individuality which
is outside its consciousness, and of a low order,—an indivi-
duality which is made up of a single cell, which arises from the
conscious individual. I might here conclude, but I wish first,
in a few words, to protect myself against a possible misunder-
standing. '

I have repeatedly spoken of immortality, first of the uni-
cellular organism, and secondly of the reproductive cell. By
this word I have merely intended to imply a duration of time
which appears to be endless to our human faculties. I have no
wish to enter into the question of the cosmic or telluric origin
of life on the earth. An answer to this question will at once
decide whether the power of reproduction possessed by these
cells is in reality eternal or only immensely prolonged, for that
which is without beginning is, and must be, without end.

The supposition of a cosmic origin of life can only assist us
if by its means we can altogether dispense with any theory of

. spontaneous generation.” The mere shifting of the origin of
life to some other far-off world cannot in any way help us.
A truly cosmic origin in its widest significance will rigidly limit
us to the statement—omne vivum e vivo—to the idea that life
can only arise from life, and has always so arisen,—to the
conclusion that organic beings are eternal like matter itself.

Experience cannot help us to decide this question; we do
not know whether spontaneous generation was the commence-
ment of life on the earth, nor have we any direct evidence for
the idea that the process of development of the living world
carries the end within itself, or for the converse idea that the
end can only be brought about by means of some external force.

I admit that spontaneous generation, in spite of all vain
efforts to demonstrate it, remains for me a logical necessity.
We cannot regard organic and inorganic matter as independent
of each other and both eternal, for organic matter is continually
passing, without residuum, into the inorganic. If the eternal
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than the parthenogenetic females of the same species (Derbés,
‘Note sur les aphides du pistachier térébinthe,’ Ann. des sci.
nat., Tom. XVII, 1872).

Cicada. In spite of the numerous and laborious descriptions
of the Cicadas which have appeared during the last two
centuries, I can only find precise statements as to the duration
of life in the mature insect in a single species. P. Kalm,
writing upon the North American Cicada septemdecim, which
sometimes appears in countless numbers, states that ¢ six weeks
after (such a swarm had been first seen) they had all dis-
appeared.”’ Hildreth puts the life of the female at from twenty
to twenty-five days. This agrees with the fact that the Cicada
lays many hundred eggs (Hildreth states a thousand); sixteen
to twenty at a time being inserted into a hole which is bored
in wood, so that the female takes some time to lay her eggs
(Oken, ¢ Naturgeschichte,” 2tr Bd. 3t® Abth. p. 1588 et seq.).

Acanthia lectilaria. No observations have been made upon
the bed bug from which the normal length of its life can be
ascertained, but many statements tend to show that it is
exceedingly long-lived, and this is advantageous for a parasite
of which the food (and consequently growth and reproduction)
is extremely precarious. They can endure starvation for an
astonishingly long period, and can survive the most intense
cold. Leunis (‘ Zoologie,’ p. 659) mentions the case of a female
which was shut up in a box and forgotten : after six months'
starvation it was found not only alive but surrounded by a
circle of lively young ones. Goze found bugs in the hangings
of an old bed which had not been used for six years: ‘they
appeared white like paper.’ I have myself observed a similar
case, in which the starving animals were quite transparent
De Geer placed some bugs in an unheated room in the cold
winter of 1772, when the thermometer fell to —33°C: they
passed the whole winter in a state of torpidity, but revived in
the following May. (De Geer, Bd. III. p. 165, and Oken,
¢ Naturgeschichte,’ 2ter Bd. 3t¢ Abth. p. 1613.)

V. DIPTERA.

Pulex irritans. Oken says of the flea (‘ Naturgeschichte,” Bd
II. Abth. 2, p. 759) that ‘death follows the deposition of the
eggs in the course of two or three days, even if the opportunity
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On Heredity.
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ON HEREDITY.

—_——

PREFACE.

THE following essay was my inaugural lecture as Pro-Rector
of the University of Freiburg, and was delivered publicly in
the hall of the University, on June 21, 1883; it first appeared
in print in the following August. Only a few copies of the first
edition were available for the public, and it is therefore now
reprinted as a second edition, which only differs from the
first in a few not unimportant improvements and additions.

The title which I have chosen requires some explanation.
1 do not propose to treat of the whole problem of heredity, but
only of a certain aspect of it—the transmission of acquired
characters which has been hitherto assumed to occur. In
taking this course I may say that it was impossible to avoid
going back to the foundation of all the phenomena of heredity,
and to determine the substance with which they must be
connected. In my opinion this can only be the substance of
the germ-cells; and this substance transfers its hereditary
tendencies from generation to generation, at first unchanged,
and always uninfluenced in any corresponding manner, by
that which happens during the life of the individual which
bears it. If these views, which are indicated rather than
elaborated in this paper, be correct, all our ideas upon the
transformation of species require thorough modification, for
the whole principle of evolution by means of exercise (use and
disuse), as proposed by Lamarck, and accepted in some cases
by Darwin, entirely collapses.

The nature of the present paper—which is a lecture and not
an elaborate treatise—necessitates that only suggestions and
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period. Such early differentiations are only the visible proofs
of certain highly complex molecular rearrangements in the
cells, and the fact appears to indicate that we cannot be far
wrong in maintaining that differentiations which appear in the
course of ontogeny depend upon the chemical and physical
constitution of the molecules in the reproductive cell.

At the first appearance of the earliest Metazoa alluded to
above, only two kinds of cells, somatic and reproductive, arose
from the segmentation of the reproductive cell. The repro-
ductive cells thus formed must have possessed exactly the
same molecular structure as the mother reproductive cell, and
would therefore pass through precisely the same developmental
changes. We can easily imagine that all the succeeding stages
in the development of the Metazoa have been due to the same
causes which were efficient at the earliest period. Variations
in the molecular structure of the reproductive cells would con-
tinue to appear, and these would be increased and rendered
permanent by means of natural selection, when their results, in
the alteration of certain cells in the body, were advantageous to
the species. The only condition necessary for the transmission
of such changes is that a part of the reproductive substance
(the germ-plasm) should always remain unchanged during
segmentation and the subsequent building up of the body, or
in other words, that such unchanged substance should pass
into the organism, and after the lapse of a variable period,
should reappear as the reproductive cells. Only in this way
can we render to some extent intelligible the transmission of
those changes which have arisen in the phylogeny of the
species; only thus can we imagine the manner in which the
first somatic cells gradually developed in numbers and in
complexity.

It is only by supposing that these changes arose from mole-
cular alterations in the reproductive cell that we can understand
how the reproductive cells of the next generation can originate
the same changes in the cells which are developed from them;
and it is impossible to imagine any way in which the trans
mission of changes, produced by the direct action of external
forces upon the somatic cells, can be brought about!.

! To this class of phenomena of course belong those acts of will which
call forth the functional activity of certain groups of cells. It is quit¢
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organs. It is well known that Lamarck attempted to explain
the structure of the organism as almost entirely due to this
principle alone. According to his theory the long neck of the
giraffe arose by constant stretching after the leaves of trees.
and the web between the toes of a water-bird’s foot by the
extension of the toes, in an attempt to strike as large a surface
of water as possible in swimming. There can be no doubt that
those muscles which are frequently used increase in size and
strength, and that glands which often enter into activity become
larger and not smaller, and that their functional powers increase.
Indeed, the whole effect which exercise produces upon the
single parts of the body is dependent upon the fact that fre-
quently used organs increase in strength. This conclusion
also refers to the nervous system, for a pianist who performs
with lightning rapidity certain pre-arranged, highly complex,
and combined movements of the muscles of his hands and
fingers has, as Du Bois Reymond pointed out, not only exer-
cised the muscles, but also those ganglionic centres of the
brain which determine the combination of muscular movement.
Other functions of the brain, such as memory, can be similarly
increased and strengthened by exercise, and the question to be
settled is whether characters acquired in this way by exercise
and practice can be transmitted to the following generations.
Lamarck’s theory assumes that such transmission takes place,
for without it no accumulation or increase of the characters in
question would be possible, as a result of their exercise during
any number of successive generations.

Against this we may urge that whenever, in the course of
nature, an organ becomes stronger by exercise, it must possess
a certain degree of importance for the life of the individual,
and when this is the case it becomes subject to improvement
by natural selection, for only those individuals which possess
the organ in its most perfect form will be able to survive.
The perfection of form of an organ does not however
depend upon the amount of exercise undergone by it during
the life of the organism, but primarily and principally upora
the fact that the germ from which the individual arose was
predisposed to produce a perfect organ. The increase to whicl
any organ can attain by exercise during a single life is bounded®
by certain limits, which are themselves fixed by the primary’


















90 ON HEREDITY. (L.

variations of characters are transmitted without natural se-
lection playing any active part in the change. Such a case
is afforded by the short-sightedness so common in civilized
nations.

This affection is certainly hereditary in some cases, and
it may well have been explained as an example of the trans-
mission of acquired changes. It has been argued that ac-
quired short-sightedness can be in a slight degree transmitted,
and that each successive generation has developed a further
degree of the disease by habitually holding books etc. close
to the eyes, so that the inborn predisposition to short-sighted-
ness is continually accumulating.

But we must remember that variations in the refraction of
the human eye have been for a long time independent of the
preserving control of natural selection. In the struggle for
existence, a blind man would certainly disappear before those
endowed with sight, but myopia does not prevent any one
from gaining a living.

A short-sighted lynx, hawk, or gazelle, or even a short-
sighted Indian, would be eliminated by natural selection, but
a short-sighted European of the higher class finds no difficulty
in earning his bread.

Those fluctuations on either side of the average which
we call myopia and hypermetropia occur in the same manner,
and are due to the same causes, as those which operate in
producing degeneration in the eyes of cave-dwelling animals.
If, therefore, we not infrequently meet with families in which
myopia is hereditary, such results may be attributed to the
transmission of an accidental disposition on the part of the
germ, instead of to the transmission of acquired short-
sightedness. A very large proportion of short-sighted people
do not owe their affliction to inheritance at all, but have ac-
quired it for themselves: for there is no doubt that a normal
eye may be rendered myopic in the course of a life-time by
continually looking at objects from a very short distance, even
when no hereditary predisposition towards the disease can
be shown to exist. Such a change would of course appea’
more recadily if there was also a corresponding predisposition
on the part of the eye. But I should not explain this widely
spread predisposition towards myopia as due to the trans-
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effects would be transmitted), and on the other hand upon the
direct influence of increased use during the course of a single
life. 'We do not yet know with any accuracy, the amount of
change which may be produced by increased use in the course
of a single life. If it is desired to prove that use and disuse
produce hereditary effects without the assistance of natural
selection, it will be necessary to domesticate wild animals (for
example the wild duck) and preserve all their descendants,
thus excluding the operation of natural selection. If then all
individuals of the second, third, fourth and later generations of
these tame ducks possess identical variations, which increase
from generation to generation, and if the nature of these
changes proves that they must have been due to the effect of
use or disuse, then perhaps the transmission of such effects
may be admitted; but it must always be remembered that
domestication itself influences the organism,—not only directly,
but also indirectly, by the increase of variability as a result of
the suspension of natural selection. Such experiments have
not yet been carried out in sufficient detail .

It is usually considered that the origin and variation of
instincts are also dependent upon the exercise of certain
groups of muscles and nerves during a single life-time ; and
that the gradual improvement which is thus caused by practice.
is accumulated by hereditary transmission. I believe that this
is an entirely erroneous view, and I hold that all instinct is
entirely due to the operation of natural selection, and has its
foundation, not upon inherited experiences, but upon the
variations of the germ.

Why, for instance, should not the instinct to fly from enemies
have arisen by the survival of those individuals which are
naturally timid and easily startled, together with the extermina-
tion of those which are unwary? It may be urged in opposition
to this explanation that the birds of uninhabited islands which
are not at first shy of man, acquire in a few generations an
instinctive dread of him, an instinct which cannot have arisen
in so short a time by means of natural selection. But in this
case are we really dealing with the origin of a new instinct.
or only with the addition of one new perception (‘ Wahrneh-

1! C. Darwin, ¢ Variation of Animals and Plants under Domestication,
vol. i.
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mechanism, which impels him to start forward on hearing a
report. We cannot yet determine without more experiments
how such an impulse due to perception (* Wahrnehmungstrieb,
Schneider) has arisen ; but, in my opinion, it is almost incon-
ceivable that artificial breeding has had nothing to do withit;
and that we are here concerned—not with the inheritance of
the effects of training—but with some pre-disposition on the
part of the germ, which has been increased by artificial
selection.

The necessity for extreme caution in appealing to the sup-
posed hereditary effects of use, is well shown in the case of
those numerous instincts, which only come into play onceina
life-time, and which do not therefore admit of improvement by
practice. The queen-bee takes her nuptial flight only once,
and yet how many and complex are the instincts and the reflex
mechanisms which come into play on that occasion. Again, in
many insects the deposition of eggs occurs but once in a life-
time, and yet such insects always fulfil the necessary conditions
with unfailing accuracy, either simply dropping the eggs into
water, or carefully fixing them on the surface of the earth
beneath some stone, or laying them on a particular part of 2
certain species of plant; and in all these cases the most com-
plicated actions are performed. It is indeed astonishing to
watch one of the Cynipidae (Rhodites rosae) depositing her eggs
in the tissue of a young bud. She first carefully examines
the bud on all sides, and feels it with her legs and antennae.
Then she slowly inserts her long ovipositor between the
closely-rolled leaves of the bud, but if it does not reach exactly
the right spot, she will withdraw and re-insert it many times,
until at length, when the proper place has been found, she
will slowly bore deep into the very centre of the bud, so that
the egg will reach the exact spot, where the necessary condi-
tions for its development alone exist.

But each Cynips lays eggs many times, and it may be argued
that practice may have led to improvement in this case; we
cannot however, as a matter of fact, expect much improvement
in a process which is repeated, perhaps a dozen times, at short
intervals of time, and which is of such an excessively complex
nature.

It is the same with the deposition of eggs in most insects.
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but during the development of numerous, consecutive species
— by gradual and unceasing improvements in the initial stages
of cocoon-building. A number of species exists at the present
day, of which the cocoons can be arranged in a complete series,
becoming gradually less and less complex, from that described
above, down to a loosely-constructed, spherical case in which
the pupa is contained.

The cocoon spun by the larva of Saturnia carpini differs but
little in complexity from the web of the spider, and if the
former is constructed without assistance from the experience
of the single individual—and this must certainly be admitted—
it follows that the latter may be also built without the aid of
experience, while there is neither reason nor necessity for
appealing to the entirely unproved transmission of acquired
skill in order to explain this and a thousand other operations.

It may be objected that, in man, in addition to the instincts
inherent in every individual, special individual predispositions
are also found, of such a nature that it is impossible that they
can have arisen by individual variations of the germ. On the
other hand, these predispositions—which we call talents—can-
not have arisen through natural selection, because life is in no
way dependent upon their presence, and there seems to be
no way of explaining their origin except by an assumption of
the summation of the skill attained by exercise in the course
of each single life. In this case, therefore, we seem at first
sight to be compelled to accept the transmission of acquired
characters.

Now it cannot be denied that all predispositions may be
improved by practice during the course of a life-time,—and, in
truth, very remarkably improved. If we could explain the
existence of great talent, such as, for example, a gift for music,
painting, sculpture, or mathematics, as due to the presence or
absence of a special organ in the brain, it follows that we could
only understand its origin and increase (natural selection being
excluded) by accumulation, due to the transmission of the
results of practice through a series of generations. But talents
are not dependent upon the possession of special organs in the
brain. They are not simple mental dispositions, but combina-
tions of many dispositions, and often of a most complex nature :
they depend upon a certain degree of irritability, and a power
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LIFE AND DEATH.

PREFACE.

THE following paper was first printed as an academic lecture
in the summer of the present year (1883), with the title ¢ Upon
the Eternal Duration of Life’ (‘ Uber die Ewigkeit des Lebens').
In now bringing it before a larger public in an expanded and
improved form, I have chosen a title which seemed to me to
correspond better with the present contents of the paper.

The stimulus which led to this biological investigation was
given in a memoir by Gétte, in which this author opposes views
which I had previously expressed. Although such an origin
has naturally caused my paper to take the form of a reply, my
intention was not merely to controvert the views of my op-
ponent, but rather—using those opposed views as a starting-
point—to throw new light upon certain questions which demand
consideration ; to give additional support to thoughts which I
have previously expressed, and to penetrate, if possible, more
deeply into the problem of life and death.

If, in making this attempt, the views of my opponent have
been severely criticized, it will be acknowledged that the criti-
cisms do not form the purpose of my paper, but only the means
by which the way to a more correct understanding of the
problems before us may be indicated.

AW,

FREIBURG 1. BREISGAU,
Oct. 18, 1883.
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According to Gétte's? idea ‘the egg of a Bombinator igneus
before fertilization cannot be considered to be a cell either
wholly or in part; and this is equally true of it at its origin and
after its complete development ; it is only an essentially homo-
geneous organic mass enclosed by a membrane which has been
deposited externally’ This mass is ¢ unorganised and not
living % and ¢ during the first phenomena of its development all
vital powers must be excluded.’ In this way the continuity of
life between two successive individuals is always interrupted;
or, as Gotte says in his last essay :—* The continuity of life
between individuals of which one is derived from the other by
means of reproduction, exists neither in the rejuvenescence of
the Monoplastides nor in the condition of the germ among the
Polyplastides—a condition which is derived from the former?’

This is quite logical, although in my opinion it is both un-
proved and incorrect. But, on the other hand, it is certainly
illogical for Gotte to derive the death of the Metazoa in a totally
different way, i. e. from the dissolution of their cell-colonies. It
is quite plain that the death of the Metazoa does not especially
concern the reproductive cells, but the individual which bears
them; Gotte must therefore seek for some other origin of
death—an origin which will enable it to reach the body (soma)
—as opposed to the germ-cells. If there still remained any
doubt about the failure to establish a correspondence between
death and the encystment of the Monoplastides, we have here,
at any rate, a final demonstration of the failure !

But there is yet another great fallacy concealed in this deri-
vation of the death of the Polyplastides.

Among the lowest Polyplastides, where all the cells stil
remain similar, and where each cell is also a reproductive cell,
the dissolution of the cell-colony is, according to Gétte, to be
regarded as death, inasmuch as ‘the integrity of the mother-
individual absolutely comes to an end’ (l. c., p. 78). The disso-
lution of a cell-colony into its component living elements can
only be called decath in the most figurative sense, and can have
nothing to do with the real death of the individuals; it only
consists in a change from a higher to a lower stage of indivi-
duality. Could we not kill a Magosphaera by boiling or by some

! ¢ Entwicklungsgeschichte der Unke,’ Lcipzig, 1875, p. 65.
3 1d., p. 84a. 3 “Ursprung des Todes,’ p. o
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specific protoplasm, by means of which the identity of its
substance is fixed by heredity,’ a ‘marvellous process in which
phenomena the most important in the whole life of the animal,
and in fact of all organisms—reproduction and death—have
their roots’ (. c., p. 81). Whether such re-coining really takes
place or not, at any rate I claim to have shown above that it
does not correspond with death in the Metazoa, and—if it is
represented at all in these latter—that it ought to be looked for
in the reproductive cells; and indeed, in another passage,
Gotte himself has placed the process in these cells.

While, among the Monoplastids, according to Gotte, the causes
of the supposed death lie hidden in this mysterious change of
the organism into reproductive material, Gotte asserts that
among the Polyplastids (such as Magosphaera, hypothetically
perfected so as to form a genuine Polyplastid), the causes of
death operate so that the organism breaks up into its component
cells, all these being still reproductive cells—a process which,
unlike ‘rejuvenescence,’ has nothing mysterious about it, and
which is certainly not genuine death. In the Orthonectid-like
animals death does not occur as a consequence of the dispersal
of the reproductive cells, but rather because the part of the
animal which remains is so small and effete that, being unable
to support itself, it necessarily dies. From this point at least the
object of death and the conception of it remain the same, but
now the idea of reproduction undergoes a change. When the
Rhabdite females of Ascaris are eaten up by their offspring, is
this mode of death connected with the ‘rejuvenescence of proto-
plasm’? (L. c.,,p.34.) Isthere any deep underlying relationship
between such an end and the essential nature of reproduction?
The same question may be asked with regard to the ‘Redia or
the Sporocyst of Trematodes, which are converted into slowly
dying sacs during the growth of the Cercariae within them. '
We cannot speak of the ‘fatal influence of reproduction’ among
tape-worms just because ‘in the ripe segments the whole
organization degenerates under the influence of the excessive
growth of the uterus.’ It certainly degenerates, but only so far
as the developing mass of eggs demands. In fact, at a suffi-
ciently high temperature, death does not occur, and such
mature segments of tape-worms creep about of their own accord.
We cannot fail to recognize that in this as well as in the above-
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of host, change of medium, etc. It therefore results that the
fundamental law of biogenesis does not apply to the Monoplas-
tides; for these forms are either entirely without a genuine
ontogeny and only possess the possibility of growth, or else
they are only endowed with a coenogenetic ontogeny .

Some authorities may be inclined to limit the above proposi-
tion, and to maintain that we must admit the possibility that
we are likely to occasionally meet with an ontogeny of which
the stages largely correspond with the most important stages
in the phyletic development of the species, and that the onto-
genetic repetition of the phylogeny, although not the rule, may
still occur as a rare exception in the Protozoa.

A careful consideration of the subject indicates, however, that
the occurrence of such an exception is very improbable. Such
an ontogeny would, for instance, occur if one of the lowest
Monoplastides, such as a Moneron, were to develope into a
higher form, such as one of the Flagellata, with mouth, eye-
spot, and cortical layer, under such external conditions that it
would be advantageous for the existence of its species that it
should no longer reproduce itself by simple fission, but that
the periodical formation of a cyst (which was perhaps previously
part of the life-history) should be associated with the occurrence
of numerous divisions within the cyst itself, and with the forma-
tion of germs. We must suppose either that these germs
were so minute that the young animals could not become
Flagellata directly, or that it was advantageous for them to move
and feed as Monera at an early period, and to assume the more
complex structure of the parent by gradual stages. In other
words, the phyletic development would proceed hand in hand
with the ontogeny corresponding to it, although not from any
internal cause, but as an adaptation to the existing conditions of
life. But the supposed transformation of the species also de—
pended upon these same conditions of life, which must there-

! Batschli, long ago, doubted the application of the fundamental hw
of biogenesis to the Protozoa (cf. ¢ Ueber die Entstehung der Schwirm-
sprosslings der Podophrya quadripartita,” Jen. Zeit. {. Med. u. Naturw.
Bd. X. p. 19, Note). Gruber has more recently expressed similar views,
and in fact denics the presence of development in the Protozos, and
only recognizes growth (‘ Dimorpha mutans, Z. f W. Z.” Bd. XXXVIL
p. 445). This proposition must however be restricted, inasmuch as

development certainly occurs, although one which is coenogenetic and
not palingenetic.
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IV. The fundamental biogenetic law applies only to multi-
cellular beings; it does not apply to unicellular forms of life.
This depends on the one hand upon the mode of reproduction
by fission which obtains among the Monoplastides (unicellular
organisms), and on the other upon the necessity, induced by
sexual reproduction, for the maintenance of a unicellular stage
in the development of the Polyplastides (multicellular or-
ganisms).

V. Death itself, and the longer or shorter duration of life,
both depend entirely on adaptation. Death is not an essential
attribute of living matter; it is neither necessarily associated
with reproduction, nor a necessary consequence of it.

In conclusion, I should wish to call attention to an idea which
is rather implied than expressed in this essay:—it is, that
reproduction did not first make its appearance coincidently
with death. Reproduction is in truth an essential attribute of
living matter, just as is the growth which gives rise to it. It is
as impossible to imagine life enduring without reproduction as
it would be to conceive life lasting without the capacity for
absorption of food and without the power of metabolism. Life
is continuous and not periodically interrupted : ever since its
first appearance upon the earth, in the lowest organisms, it has
continued without break; the forms in which it is manifested
have alone undergone change. Every individual alive to-day—
en the very highest—is to be derived in an unbroken line
rom the first and lowest forms.
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The Continuity of the Germ-plasm as the
Foundation of a Theory of Heredity.

188s.



















































































































































212 CONTINUITY OF THE GERM-PLASM AS THE [IV.

manubrium of the Medusa) in a centripetal direction. For
the purposes of the present enquiry it is unnecessary to
discuss the reasons for this change of position. The phyletic
displacements of the localized areas are brought about during
ontogeny by an actual migration of primitive germ-cells from
the place where they arose to the position at which they
undergo differentiation into germ-cells. But we cannot believe
that primitive germ-cells would migrate if the germ-cells could
be formed from any of the other young cells of indifferent
character which are so numerous in Hydroids. Even when
the localized area undergoes very slight displacement, e.g.
when it is removed from the exterior to the interior of the
mesogloea!, the change is always effected by active migration
of primitive germ-cells through the substance of the mesogloea.
Although the localized area has been largely displaced in the
course of phylogeny, the changes in position have always taken
place by very gradual stages, and never suddenly, and all these
stages are repeated in the ontogeny of all existing species, by
the migration of the primitive germ-cells from the ancestral
area to the place where the germ-cells now arise. Hartlaub*
has recently added a further instance (that of Obelia) to the
numerous minute descriptions of these phyletic displacements
of the localized area, and ontogenetic migrations of the primi-
tive germ-cells, which are given in my work already referred
to. The instance of Obelia is of especial interest as the
direction of displacement is here reversed, taking place cen-
trifugally instead of in a centripetal direction.

But if displacements of the localized areas can only take
place by the frequently roundabout method of the migration
of primitive germ-cells, we are obliged to conclude that sach
is the only manner in which the change can be effected, and
that other cells are unable to play the role of the primitive
germ-cells. And if other cells are unable to take this part, ¥
must be because nucleoplasm of a certain character has tob
present in order to form germ-cells, or according to the terms

[* T adopt this term, suggested by E. Ray Lankester and G. C. Boune.
as the name of the supporting lamina of Coelenterata. See ‘Quit
Journ. Microsc. Sci.’ Jan. 1887, p. 28.—E. B. P.] .

* Dr. Clemens Hartlaub, ¢ Ueber dic Entstehung der Sexualzellen b
Obelia.’ Freiburg, Inaugural Dissertation: see also ¢ Zeitschrift &
wisscnschaftliche Zoologie,” Bd. XLI. 1884.
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the differences, which are perhaps already indicated in Pando-
rina and are very distinct in Volvox and in all higher organisms,
have nothing to do with the nature of the process, but are of
quite secondary importance. If we further take into account
the extremely different constitution of the two kinds of sexual
cells in size, appearance, membranes, motile power, and finally
in number, no doubt remains that these differences are only
adaptations which secure the meeting of the two kinds of con-
jugating cells: that in each species they are adaptations to the
peculiar conditions under which fertilization takes place.




NOTE.

It is of considerable importance for the proper appreciation
of the views advanced in the present essay, to ascertain
whether a polar body is or is not expelled from eggs which
develope parthenogenetically. 1 wish therefore to briefly
state that I have recently succeeded in proving the formation
of a polar body of distinctly cellular structure in the summer-
eggs of Daphnidae. 1 propose to publish a more detailed
account in a future paper.

A W.

June a3, 188s.
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of which they are composed. Such new characters as these
do not at present admit of an exact analysis: we have to be
satisfied with the undoubted fact of their occurrence. The
transmission or non-transmission of acquired characters must
be of the highest importance for a theory of heredity, and
therefore for the true appreciation of the causes which lead to
the transformation of species. Any one who believes, as I do,
that acquired characters are not transmitted, will be compelled
to assume that the process of natural selection has had a far
larger share in the transformation of species than has been as
yet accorded to it; for if such characters are not transmitted,
the modifying influence of external circumstances in many
cases remains restricted to the individual, and cannot have any
part in producing transformation. We shall also be compelled
to abandon the ideas as to the origin of individual variability
which have been hitherto accepted, and shall be obliged to
look for a new source of this phenomenon, upon which the
processes of selection entirely depend.

In the following pages I have attempted to suggest such
a source.

AW

FREIBURG 1. BR,,
November 22, 1885,
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surface, and at that very time in the earth’s history, which
offered the conditions appropriate for its existence. As I have
previously argued, the believers in an internal developmental
force are compelled to invent an auxiliary hypothesis, a kind
of ‘pre-established harmony’ which explains how it is tha
changes in the organic world advance step by step, paralld
with changes in the crust of the earth and in other conditions
of life ; just as, according to Leibnitz, body and soul, although
independent of each other, proceed along parallel courses, like
two chronometers which keep perfect time. And even this
supposition would not be sufficient, because the place must be
taken into account as well as the time: thus the whales could
not have existed if they had first appeared upon dry land. We
know of countless instances in which a species is exclusively
and precisely adapted to a certain localized area, and could not
thrive anywhere else. We have only to remember the cases
of mimicry in which one insect gains protection by resembling
another, the cases of protective resemblance to the bark or the
leaves of a certain species of plant, or the numerous marvellous
adaptations of parasitic animals to certain parts of certain
species of hosts.

A mimetic species cannot have appeared at any place other
than that in which it exists: it cannot have arisen through an
internal developmental force. But if single species, or even
whole orders like the Cefacea, have arisen independently of any
such force, then we may safely assert that the existence of the
supposed force is neither required by reason nor necessity.

Hence, abstaining from the invocation of unknown forces, we
are justified in carrying on Darwin’s attempt to explain the
transformation of organisms by the action of known forces and
known phenomena. 1 say ‘carry on the attempt,’ because I &
not believe that our knowledge in this direction has ended with
Darwin, and it seems to me that we have already arrived 8
ideas which are incompatible with certain important points &
his general theory, and which therefore necessitate some mod-
fication of the latter.

The thcory of natural selection explains the rise of ne¥
species by supposing that changes occur, from time to time,
those conditions of life to which an organism must adapt itsf
if it is to continue in existence. Thus a selective process is
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by the action of external influences, in the course of a life-time,
to be communicated to the germ and thus to become hereditary.
But no single fact is known which really proves that acquired
characters can be transmitted, for the ascertained facts which
seem to point to the transmission of artificially produced
diseases cannot be considered as a proof; and as long as such
proof is wanting we have no right to make this supposition,
unless compelled to do so by the impossibility of suggesting
a mode in which the transformation of species can take place
without its aid. (See Appendix IV, p. 319.)

It is obvious that the unconscious conviction that we need
the aid of acquired characters has hitherto securely maintained
the assumed axiom of the transmission of such features. It
was believed that we could not do without such an axiom in
order to explain the transformation of species; and this was
believed not only by those who hold that the direct action of
external influences plays an important part in the process, but
also by those who hold that the operation of natural selection is
the main factor.

Individual variability forms the most important foundation of
the theory of natural selection : without it the latter could not
exist, for this alone can furnish the minute differences by
the accumulation of which new forms are said to arise in the
course of generations. But how can such hereditary individua/
characters exist if the changes wrought by the action of externs
influences, during the life of an individual, cannot be trans
mitted? We are clearly compelled to find some other sourct
of hereditary individual differences, or the theory of natunl
selection would collapse, as it certainly would if hereditary
individual variations did not exist. If, on the other hamd,
acquired differences are transmitted, this would prove that
there must be something wrong in the theory of the continuity
of the germ-plasm, as above described, and in the non-trans
mission of acquired characters which results from this theory.
But I believe that it is possible to suggest that the origin o
hereditary individual characters takes place in a manner quitt i
different from any which has been as yet brought forward. To
explain this origin is the task which I am about to undertake in
the following pages.

The origin of individual variability has been hitherto repre-
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is not inherited, and cannot be transmitted : it disappears with
the organism which manifests it. Not only do similar pheno-
mena occur in the vegetable kingdom, but they present them-
selves in an especially striking manner.

When Nigeli! introduced Alpine plants, taken from their
natural habitat, into the botanical garden at Munich, many of
the species were so greatly altered that they could hardly be
recognized : for instance, the small Alpine hawk-weeds became
large and thickly branching, and they blossomed freely. But
if such plants, or even their descendants, were removed to a
poor gravelly soil the new characters entirely disappeared,and
the plants were re-transformed into the original Alpine form.
The re-transformation was always complete, even when the
species had been cultivated in rich garden soil for several
generations.

Similar experiments with identical results were made twenty
years ago by Alexis Jordan$, who chiefly made use of Drabs
verna in his researches. These experiments furnish very
strong proofs, because they were originally undertaken without
the bias which may be given by a theory. Jordan only
intended to decide experimentally whether the numerous
forms of the plant, as it occurs wild in different habitats, are
mere varieties or true species. He found that the different
forms do not pass into one another, and are in all cases re-
transformed after they have been altered by cultivation in a soil
different from that in which they usually grow, and he therefore
assumed that they were true species. All these experiments
therefore confirm the conclusion that external influences may
alter the individual, but that the changes produced are nat
transmitted to the germs, and are never hereditary.

Niigeli indeed asserts that innate individual differences d
not exist in plants. The differences which we find, for instanct,
between two beeches or oaks, are always, according to him,
modifications produced by the influence of varying local con-
ditions. But it is obvious that Niigeli goes too far in this
respect, although it may be conceded that innate individual

1 ¢Sitzungsberichte der baicrischen Akademie der Wissenschaftes
vom 18 Nov. 1865. Compare also his *Mechanisch-physiologische
Theorie der Abstammungslehre,’ p. 103, etc.

* Jordan, ¢ Remarques sur le fait de I'existence en société des espices
végétales affines.” Lyon, 1873.
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certain species of animal and another which serves as its prey,
where each strives to be the quicker, so that the speed of both
is increased to the greatest possible extent in the course of
generations. Nor do they stand in the same relation as that
obtaining between an insectivorous bird and a certain species
of butterfly which forms its principal food ; in such a case two
totally different characters may be continually increased up to
their highest point, e.g. in the butterfly similarity to the dea
and fallen leaves among which it seeks protection when pur-
sued, in the bird keenness of sight. As long as the latter
quality is still capable of increase, so long will it still be advan-
tageous to any individual butterfly to resemble the leaf a little
more completely than other individuals of the same species;
for it will thus be capable of escaping those birds which possess
a rather keener sight than others. On the other hand, a bird
with rather keener sight will have the greatest chance of catch-
ing the better protected butterflies. It is only in this way that
we can explain the constant production of such extraordinary
similarities between insects and leaves or other parts of plants.
At every stage of growth both the insect and its pursuer are
completely adapted to each other; i.e.they are so far protected
and so far successful respectively, as is necessary to prevent
that gradual decrease in the average number of individuals
which would lead to the extermination of the species’. Bat
the fact that there is complete adaptation at each stage does
not prevent the two species from increasing those qualities of
protection and of pursuit upon which they respectively depend.
So far from this being the case, they would be necessarly
compelled to gradually increase these qualities so long as the
physical possibility of improvement remained on both sides
As long as some birds possessed a rather keener sight than
those which previously existed, so long would those butterflies
possess an advantage in which the resemblance to leaf-veining
was more distinct than in others. But from the moment at
which the maximum keenness of eyesight attainable had been
reached, at which therefore all butterflies resembled leaves $
completely that even the birds with the keenest eyesight might

! In order to make the case as simple as possible, I assume that the
insectivorous bird feeds upon a single species of insect, and that the
insect is only attacked by a single species of bird.
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kind—gradually developed into corollas with the honey deeply
concealed. The whole process was presumably first started
by the flower, for the gradual withdrawal of the honey to
greater depths conferred the advantage of protection from rain
(Hermann Muller), while larger quantities of honey could be
stored up, and this would also increase the number of insects
visiting the flower and render their visits more certain. As
soon as this withdrawal occurred, the mouth-parts of insects
began to be subjected to a selective process whereby these
organs in some of them were lengthened at the same rate as
that at which the honey was withdrawn. When once the
process had begun, its continuance was ensured, for as soon
as flower-frequenting insects were divided into two groups
with short and with long mouth-parts respectively, a further
increase in the length of the corolla-tube necessarily took place
in all those flowers which were especially benefited by the
assured visits of a relatively small number of species of insects,
viz., those flowers in which cross-fertilization was more cer-
tainly performed in this way than by the uncertain visits of a
great variety of species. This would imply that a still further
increase in length would take place, for it is obvious that the
cross-fertilization of any flower would be more certainly per-
formed by an insect when the number of species of plants
visited by it became less; and hence the cross-fertilization
would be rendered most certain when the insect became com-
pletely adapted—in size, form, character of its surface, and the
manner in which it obtained the honey—to the peculiarities of
the flower. Those insects which obtain honey from a great
variety of flowers are sure to waste a great part of the pollen
by carrying it to the flowers of many different species, while
insects which can only obtain honey from a few species of
plants must necessarily visit many flowers of the same species
one after the other, and they would therefore more generln!
distribute the pollen in an effective manner.

Hence the tube of the corolla, and the ¢ tongue’ of the but-
terfly which brings about fertilization, would have continued to
increase in length as long as it remained advantageous for the
flower to exclude other less useful visitors, and as long as it was
advantageous for the butterfly to secure the sole possession of
the flower. Hence there is no competition between the flower
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After Darwin, several investigators, such as Kerner, Delpino
and Hildebrand, have paid further attention to the subject, but
it has been especially studied in a most thorough manner by
Hermann Muller!. He looked at the subject from more than
one point of view, and showed by direct observation the species
of insects which effect cross-fertilization in various species of
our native flowers: he also studied the structure of insects in
relation to that of flowers, and attempted to establish the
mutual adaptations which exist between them. In this way
he succeeded in throwing much light upon the process of
transformation in many species of flowers, and in proving
that certain insects, although unconsciously, are, as it were,
breeders of certain forms of flowers. He not only distinguished
the disagreeably smelling, generally inconspicuous flowers
(‘Ekelblumen’) produced by Diptera which live on putrid
substances, and the flowers which are produced by butterflies;
but he also distinguished the flowers bred by saw-flies, by
Fossoria, and by bees. He even believes that in certain cases
(Viola calcarata) he can prove that a flower which owed its
original form to being bred by bees, was afterwards adapted to
cross-fertilization by butterflies, when it had migrated into an
Alpine region where the latter insects are far more abundant
than the former.

Although there must of course be much that is hypothetical
in the interpretations of the different parts of flowers offered
by Hermann Miller, the majority of these explanations are
certainly correct, and it is of the greatest interest to be able to
recognise the adaptive character of details,even when apparently
unimportant, in the structure and colours of flowers.

Sachs has offered a very convincing explanation as to the
meaning of leaf-veining, and of its significance in relation to the
functions of leaves?. He shows that the venation of a leaf isin
every case exactly adapted for the fulfilment of its purpose.
It has, in the first place, to conduct the nutrient fluid in both

! Compare Hermann Mauller, ¢ Die Befruchtung der Blumen durch
Insekten und die gegenscitigen Anpassungen beider.’ Leipzig, 1873
See also many articles by the same author in ¢ Kosmos,’ and
periodicals. These later articles are included in the English translatios
by D’Arcy W. Thompson.

2 ¢Lectures on the Physiology of Plants,’” translated by H. Marshal
Ward, Oxford, 1887, p. 47.
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change which was the cause of epilepsy had been produced by
the nervous lesion, and if a similar change had re-appeared in
the offspring, and had produced in them also the symptoms of
epilepsy. But that this really occurs is utterly unproved; and
is even highly improbable. It has only been proved that many
descendants of artificially epileptic parents are small, weakly,
and very soon die; and that others are paralysed in various
parts of the body, i.e. in one or both of the posterior or anterior
extremities ; while others again exhibit trophic paralysis of the
cornea leading to inflammation and the formation of pus. In
addition to these symptoms, the descendants in very rare cases
exhibit upon the application of certain stimuli to the skin,a
tendency towards those tonic and clonic convulsions together
with loss of consciousness which constitute the features of an
epileptic attack. Out of thirty-two descendants of epileptic
parents only two exhibited such symptoms, both of them being
very weakly, and dying at an early age.

These experiments, although very interesting, do not enable
us to assert that a distinct morphological change is transmitted
to the offspring after having been artificially induced in the
parents. The injury caused by the division of a nerve is not
transmitted, and the part of the brain corresponding to that
which was removed from the parent is not absent from the
offspring. The symptoms of a disease are undoubtedly trans-
mitted, but the cause of the disease in the offspring is the real
question which requires solution. The symptoms of epilepsy
are by no means invariably transmitted ; they are in fact absest
from the great majority of cases, and the very small proportion
in which they do occur, exhibit the symptoms of other diseases
in addition to those of epilepsy. The offspring are either quite
healthy (thirteen out of thirty cases) or they suffer from dis
turbances of the nervous system, such as the above-mentioned
motor and trophic paralysis,——symptoms which are not charac-
teristic of epilepsy: however in some of the latter epilepsy is
also present.

If therefore we wish to express the matter correctly we must
not state that epilepsy is transmitted to the offspring, but"c
must express the facts in the following manner:—
which have been rendered epileptic by artificial means, trans
mit to some of their offspring a tendency to suffer from varioos
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dividing the spinal cord, although the disease also resulted
from a transverse section through half of the latter organ, or
from the section of its anterior or posterior columns alone,
or from simply puncturing its substance. The most striking
effects appeared to follow when the spinal cord was injured
in the region between the eighth dorsal and the second lumbar
vertebrae, although the results were sometimes also produced
by the injury of other parts. Epilepsy also followed the division
of the sciatic nerve, the internal popliteal, and the posterior
roots of all nerves which pass to the legs. The disease never
appears at once, but only after the lapse of some days or weeks,
and, according to Brown-Séquard, it is impossible to conclude
that the disease will not follow the operation until after six or
eight weeks have passed without an epileptic attack. Ober-
steiner did not witness in any case the first symptoms of the
disease for several days after the division of the sciatic nerve.
After the operation, sensibility decreases over a certain area
on the head and neck, on the same side as the injury. If the
animal be pinched in this region (which is called the epileptic
area, ‘zone epileptogéne’) it curves itself round towards the
injured side, and violent scratching movements are made with
the hind leg of the same side. After the lapse of several days
or even weeks, these scratching movements which result from
pinching in the above-mentioned area, form the beginning of
a complete epileptic attack. Hence the changes immediately
produced by the division of a nerve are obviously not the direct
cause of epilepsy, but they only form the beginning of a patho-
logical process which is conducted in a centripetal directios
from the nerve to some centre which is apparently situated in
the pons and medulla oblongata, although, according to others’,
it is placed in the cortex of the cerebrum. Nothnagel? cos-
siders that certain changes, the nature of which is still entirely
unknown, but which may be histological or perhaps solely
molecular in character, must be produced, leading to an in-
creased irritability of the grey matter of the centres concerned.

! Compare Unvericht, ¢ Experimentelle und klinische Untersuchunges
tber die Epilepsie.’ Berlin, 1883. With regard to the question o
hereditary transmission, the part of the brain in which the epileptt
centre is placed is of no importance.

2 Compare Ziemssen's  Handbuch der spec. Pathologie und Therapi¢’
Bd. XII 2. Hilfte; Artikel * Epilepsie und Eklampsie.” Leipzig, 1877:

i
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which are morphologically and physiologically equivalent'’
Just as a sensory nerve produces the sensation of pain under
various stimuli, such as pressure, inflammation, infection with
the poison of malaria, etc., so various stimuli might cause the
nervous centres concerned to develope the convulsive attack
which, together with its after-effects, we call epilepsy. In
Westphal's case, such a stimulus would be given by a powerful
mechanical shock, in Brown-Séquard’s experiments, by the
penetration of microbes.

However, quite apart from the question of the validity of
this suggestion, we can form no conception as to the means by
which an acquired morphological change in certain nerve-cells
—a change which is not anatomical, and probably not even
microscopical, but purely molecular in nature—can be possibly
transferred to the germ-cells: for this ought to take place in
such a manner as to produce in their minute molecular structure
a change which, after fertilization and development into a new
individual, would lead to the reproduction of the same epilep-
togenic molecular structure of the nervous elements in the grey
centres of the pons and medulla oblongata as was acquired by
the parent. How is it possible for all this to happen? What
substance could cause such a change in the resulting offspring
after having been transferred to the egg or sperm-cell? Per-
haps Darwin’s gemmules may be suggested ; but each gem-
mule represents a cell, while here we have to do with mol-
cules or groups of molecules. We must therefore assume the
existence of a special gemmule for each group of molecules,
and thus the innumerable gemmules of Darwin’s theory must
be imagined as increased by many millions. But if we
suppose that the theory of pangenesis is right, and that the
gemmules really circulate in the body, accompanied by other
gemmules from the diseased parts of the brain, and that some
of these latter pass into the germ-cells of the individual,—t
what strange results would the further pursuit of this ide
lead? What an incomprehensible number of gemmules must
meet in a single sperm- or germ-cell, if each of them is to
contain a representative of every molecule or group of mok-
cules which has formed part of the body at each period o
ontogeny. And yet such is the unavoidable consequence o

! L c., p. 269.
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of ontogeny, although we can never point out where any stage
ends and another begins. To imagine that each single stage
of a part is present in the germ, as a distinct group of gem-
mules, seems to me to be a childish idea, comparable to the
belief that the skull of the young St. Laurence exists at Madrid,
while the adult skull is to be found in Rome.

We are necessarily driven to such conceptions if we assume
that the transmission of acquired characters takes place. A
theory of preformation alone affords the possibility of an ex-
planation : an epigenetic theory is utterly unable to render any
assistance in reaching an interpretation. According to the latter
theory, the germ does not contain any preformed gemmules,
but it possesses, as a whole, such a chemical and molecular
constitution that, under certain circumstances, a second stage
is produced from it. For example, the two first segmentation
spheres may be regarded as such a second stage ; these again
possess such a constitution that a certain third stage, and no
other, can arise from them, forming the four first segmentation
spheres. At each of these stages the spheres produced are
peculiar to a distinct species and a distinct individual. From
the third stage a fourth arises, and so on, until the embryo is
developed, and still later the mature animal which can repro-
duce itself. No one of the parts of such an animal was originally
present as distinct parts in the egg from which it was developed,
however minute we may imagine these parts to be. If nowan
inherited peculiarity shows itself in any organ of the mature
animal, this will be the consequence of the preceding develop-
mental stages, and if we were able to investigate the molecular
structure of all these stages as far back as the egg-cell, we
should trace back to the latter some minute difference of mole-
cular constitution which would distinguish it from any other
egg-cell of the same species, and was destined to be the cause
of the subsequent appearance of the peculiarity in the mature
animal. It is only by the aid of some such hypothesis that we
can conceive the cause of hereditary individual differences and
the tendencies towards hereditary diseases. Hereditary epi-
lepsy would be intelligible in this way, that is, when the disease
is congenital and not due to the presence of microbes, as is
presumably the case with artificially induced epilepsy.

The question now arises as to whether we can conceive the
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brain of an epileptic animal can reach the germ-cell exceptin
a state of solution, and therefore no direct increase in the
germ-plasm can be referred to such molecules, quite apart
from the fact that such addition, even if possible, could not be
of any value, because the last stage of the epileptic tendency
must be represented in the nerve-cells and nerve-fibres of the
diseased brain, while the first stage ought to be represented in
the germ-cell.

It may be safely asserted that according to the theory of epi-
genesis the germ-cells cannot be influenced except as regards
their nutrition. Nutritive changes may be imagined to occur
through the varying trophic influence of the nervous system
upon the sexual organs, but the structure of the germ-plasm
cannot be altered by mere nutritive changes, or at all events it
cannot be altered in that distinct and definite direction which is
required by the supposed transmission of acquired epilepsy.

Thus the transmission of artificially produced epilepsy can
neither be explained upon the epigenetic theory, nor upon the
theory of preformation ; it can only be rendered intelligible if
we suppose that the appearance of the disease in the offspring
depends upon the introduction and presence of living germs,
viz. of microbes. The supposed transmission of this artificially
produced disease is the only definite instance which has been
hitherto brought forward in support of the transmission of
acquired characters. 1 believe that 1 have shown that such
support is deceptive, not because there is any uncertainty about
the fact of the transmission itself, but because it is a transmission
which cannot depend upon heredity, and is in all probability
due to infection.

Ever since 1 began to doubt the transmission of acquired
characters, I have been unable to meet with a single instance
which could shake my conviction. There were many instances
in which hereditary transmission was clearly established, but
in none of them was there any reason to suppose that the
characters transmitted were really acquired. For example,
Fritz Miller has recently informed me of an instance in which
he believes that there can be no doubt of the transmission of
acquired characters. His observations are so interesting in
several respects that I will quote them here. He says in his
letter, ‘ Among the bastards of two species of 4butilon, in which
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between these two extremes all intermediate conditions will
occur. And these combinations will not only take place at
fertilization, but also at every stage of the whole ontogenetic
history, for each stage is represented by its idioplasm, which is
itself composed of ancestral idioplasms.

We do not yet know enough to be able to prove in detail the
manner in which new characters may arise from such a com-
bination of different kinds of germ-plasm. And yet it appears
to me that such a view, e.g. in the case of the variation of buds,
is by far the most natural. There is indeed a single example in
which we can, to some extent, understand how it is that a new
character may arise by these means. Certain canary-birds have
a tuft of feathers on the head, but if two such birds are paired,
their descendants are generally bare-headed, instead of having
larger tufts'. The formation of a tuft depends upon the fact
that the feathers are scanty and in fact absent from part of the
skin of the head. Now when the scanty plumage of both parents
is combined in the offspring the latter is bare-headed. Hence
by the combination of ancestral characters a new character
(bare-headedness) is produced, and one which is hardly likely
to have ever occurred in the ancestors of existing canaries.

We do not know the causes which have been in operation
when a flower possesses one petal more than the usual number,
any more than we can explain why it is that one star-fish has
five and another six rays. We cannot unravel the details of the
mysterious relationship between two parent germ-plasms, each
of which is composed of a countless number of ancestral germ- |
plasms from the first and second back to the nth degree. But
we can nevertheless maintain in a general way that such ir-
regularities are the result of this complex struggle between the
germ-plasms in the ovum and the idioplasms in the subsequent
stages of the developing organism, and that they are not the
result of external influences.

If, however, acquired characters are brought forward in con-
nexion with the question of the transformation of species, the
term ‘acquired ’ must only be applied to those characters which
do not arise from within the organism, but which arise as the
reaction of the organism under some external stimulus, most

! See Darwin, ‘The Variation of Animals and Plants under Domest-
cation.” 1875. Vol. I. p. 311.
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plicated as it is improbable. The whole idea of the passage
of gemmules from the modified parts of the body into the
germ-cells is based upon the unproved assumption that
acquired characters can be transmitted. The idea that the
male germ-cell plays a different part from that of the female, in
the construction of the embyro, seems to me to be untenable,
especially because it conflicts with the simple observation that
upon the whole human children inherit quite as much from the
father as from the mother.
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plasm contained in a single germ-cell. We know nothing
whatever of the length of time over which this process of
division of the ancestral germ-plasms may have endured, but
even if it had continued to the utmost possible limit—so far
indeed that each ancestral germ-plasm was only represented
by a single unit—a time would at last come when any further
division into halves would cease to be possible ; for the very
conception of a unit implies that it cannot be divided without
the loss of its essential nature, which in this case constitutes it
as the hereditary substance.

In the diagram represented in Fig. I. I have tried to render
these conclusions intelligible. In generation 1. each paternal
and maternal germ-plasm is still entirely homogeneous, and
does not contain any combination of different hereditary
qualities, but the germ-plasm of the offspring is made up

" of equal parts of two kinds of germ-plasm. In the second
generation this latter germ-plasm unites with another derived
from other parents, which is similarly composed of two an-
cestral germ-plasms, and the resulting third generation now
contains four different ancestral germ-plasms in its germ-cells,
and so on. The diagram only indicates the fusion of ancestral
germ-plasms as far as the offspring of the fourth generation,
the germ-cells of which contain sixteen different ancestral
germ-plasms. If we imagine the germ-plasm units to be s
large that there is only room for sixteen of them in the nuclear
thread, the limits of division would be reached in the fifth
generation, and any further division into halves of the ancestral
germ-plasms would be impossible.

Now however minute the units may be, there is not the least
doubt that the limits of possible division have been long since :

rcached by all existing species, for we may safely assume that |

no one of them has acquired the sexual method of reproduction
within a small number of recent generations. All existing
species must therefore now contain as many different kinds of
ancestral germ-plasms as they are capable of containing; and
the question arises,—How can sexual reproduction now pro-
ceed without a doubling of the quantity of germ-plasm in each
germ-cell, with every new generation ?

There is only one possible answer to such a question :—sexual
reproduction can proceed by a reduction in the mwmber of
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only half the number contained in the original nuclens. After
Roux’s! elaborate review of the whole subject, we need no
longer doubt that the complex method of nuclear division,
hitherto known as karyokinesis, must be considered not merely
as a means for the division of the total quantity of nuclear sub-
stance, but also for producing a division of the quantity and
quality of each of its single elements. In by far the greater
number of instances the object of this division is obviously to
effect an equal distribution of nuclear substance in the two
daughter-nuclei, so that each of the different qualities contained
in the mother-nucleus is transferred to the two daughter-nuclei.
This interpretation of ordinary karyokinesis is less uncertain
than perhaps at first sight it may appear to be. We cannot, it
is true, directly see the ancestral germ-plasms, nor do we even
know the parts of the nucleus which are to be looked upon as
constituting ancestral germ-plasm; but if Flemming’s origina
discovery of the longitudinal division of the loops lying in the
equatorial plane of the nuclear spindle is to have any meaning
at all, its object must be to divide and distribute the different
kinds of the minutest elements of the nuclear thread as equally
as possible. It has been ascertained that the two halves pro-
duced by the longitudinal splitting of each loop never pass into
the same daughter-nucleus, but always in opposite directions.
The essential point cannot therefore be the division of the
nucleus into absolutely equal quantities, but it must be the dis-
tribution of the different qualities of the nuclear thread, withoat
exception, in both daughter-nuclei. But these different qualities
are what I have called the ancestral germ-plasms, i. e. the germ-
plasms of the different ancestors, which must be contained in
vast numbers, but in very minute quantities, in the nuclear
thread. The supposition of a vast number is not only required
by the phenomena of heredity but also results from the com-
paratively great length of the nuclecar thread : furthermore it
implies that each of them is present in very small quantity.
The vast number together with the minute quantity of the an-
cestral germ-plasms permit us to conclude that they are, upon
the whole, arranged in a linear manner in the thin thread-like
loops : in fact the longitudinal splitting of these loops appearsto

! Wilhelm Roux, ¢ Ueber die Bedeutung der Kerntheilungsfiguren.

- Leipzig, 1884,
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as I have already argued, two successive divisions of the num-
ber of ancestral germ-plasms into halves is inconceivable ; and
because the first polar body is also present in parthenogenetic °
eggs in which such division into halves cannot take place.
But the karyokinetic process can readily be looked upon as
a removal of ovogenetic nucleoplasm, for we know from the
observations of Flemming and Carnoy, that, under certain
circumstances, subsequent divisions may occur, involving an
increase in the number of nuclear loops to double their num-
ber. These subsequent divisions of course take place in the
daughter-nuclei. This fact proves, as I think, that there are
nuclei in which the same ancestral germ-plasm occurs in two
different loops: but such loops, identical as regards the com-
position of their ancestral germ-plasms, may very well contain
different ontogenetic stages of this substance. This will be the
case in the instance alluded to, if four loops of the first nuclear
spindle are to be looked upon as ovogenetic nucleoplasm, and
the four others as germ-plasm. It is therefore unnecessary
to regard the first division of the egg-nucleus as a ‘reducing
division’: it may be looked upon as an ‘equal division’!® en-
tirely analogous to the kind of division which, in my opinion.
directs the development of the embryo. This conclusion would
receive direct proof if it were possible to show that the eight
loops of the first division have arisen by the longitudinal
splitting of four primary loops: for a longitudinal splitting of
the nuclear thread would be the means by which the different
ontogenetic stages of the germ-plasm could be separated from
one another, without leading to any reduction in the number of
ancestral germ-plasms in the daughter-nuclei. Thus I have
previously attempted to prove that the ontogenetic development
of the egg must be connected with a progressive transformation
of the nucleoplasm during successive nuclear divisions, and this
transformation will very frequently (but not always) occur i
such a way that the different qualities of the nucleoplasm are
separated from one another by the nuclear division. The nu-
cleoplasm of the daughter-nuclei will be identical if the two
daughter-cells are to potentially contain corresponding parts of
the embryo; as for instance the first two segmentation spheres

! See p. 375.
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left the equator of the spindle and have moved towards the
poles. In both instances the bearing upon the question would
be the same, for only half the number of primary loops would
reach each pole in either case. If therefore the primary loops
are not made up of identical pairs, it follows that the two
daughter-nuclei can only contain half the number of ancestral
germ-plasms which were contained in the mother-nucleus
Whether the loops divide on their way to the poles or at the
poles themselves, no difference will be brought about in the
number of ancestral germ-plasms which they contain, for this
number can neither increase nor diminish. The guantity of the
different ancestral germ-plasms can alone be increased in this
way. I am here referring to observations made by Carnoy'on
the cells which form the spermatozoa in various Arthropods.
It must be admitted, however, that these divisions cannot be
regarded as ‘reducing divisions,’ if Flemming’s ? suggestion be
confirmed, that in all these observations the fact has been over-
looked that the equatorial loops are not primary but secondary,
and that they have arisen from the longitudinal splitting of the
nuclear thread during previous stages of nuclear division. But
this point can only be decided by renewed investigation. Al-
though many excellent results have been obtained in the subject
of karyokinesis, there is still very much to be learnt before our
knowledge is complete ; and this is not to be wondered at when
we remember the great difficulties in the way of observation
which are chiefly raised by the minute size of the objects to be
investigated. Flemming’s most recent publications prove that
we are still in the midst of investigation, and that highly in-
teresting and important processes have hitherto escaped atten-
tion. A secure basis of facts is only very gradually obtained,
and there are still many conflicting opinions upon the details of
this process. I should therefore consider it to be entirely use-
less, from my point of view, to enter into a critical examination
of everything known about all the details of karyokinesis. 1am
quite content to have shown how it may be imagined that the
reduction required by my theory takes place during nuclear

! Carnoy, ¢ La Cytodiérése chez les Arthropodes.” Louvain, Gand,
Lierre, 188s.

? Flemming, * Neue Beitriige zur Kenntniss der Zelle” Arch. f. mikr.
Anat,, Bd. XXIX, 1887.
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are shaded differently in order to render the diagram clear.
At B six of the loops are seen to have moved to either pole, so
that the figure is a representation of the ‘reducing division’

N
Fics. 11, III.
Figure 111 is a diagrammatic representation of ¢ equal division.
The six loops at the equatorial zone of 4 are shown by different
cross-lining and shading to be composed of different ancestrs!
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nucleus which would have become the segmentation-nucleus in
the parthenogenetic development of the egg. This is a simple
logical conclusion from the two following facts : first, partheno-
genetic eggs expel only one polar body; secondly, there are
eggs (such as those of the bee) in which it is absolutely certain
that the same half of the nucleus—which is expelled as the
second polar body in the egg requiring fertilization—remains
in the egg when it is to develope parthenogenetically, and acts
as half of the segmentation-nucleus. But this proves that the
expelled half of the nucleus must consist of true germ-plasm,
and thus a secure foundation is laid for the assumption that the
formation of the nucleus of the second polar body must be con-
sidered as a ‘reducing division.’

I was long ago convinced that sexual reproduction must be
connected with a reduction in the number of ancestral germ-
plasms to one half, and that such reduction was repeated in
each generation. When, in 1885, I brought forward my theory
of the continuity of the germ-plasm, I had long before that time
considered whether the formation and expulsion of polar bodies
must not be interpreted in this sense. But the two divisions of
the egg-nucleus caused me to hesitate. The two divisions
did not seem to admit of such an interpretation, for by it the
quantity of the nucleus is not divided into halves, but into
quarters. But a division of the number of ancestral germ-
plasms into quarters would have caused, as was shown above,
a continuous decrease, leading to their complete disappearance;
and such a conclusion is contradicted by the facts of heredity.
For this reason 1 was led at that time to oppose Strasburger's
view that the expulsion of the polar bodies means a reduction
of the quantity of nuclear substance by only half. My objection
to such a view was valid when I said that the quantity of idio-
plasm contained in the egg-nucleus is not, as a matter of fact,
reduced to one half, but to one quarter, inasmuch as two suc-
cessive divisions take place. 1 may add that I had also con-
sidered whether the two successive divisions might not possess
an entirely different meaning,—whether one of them led to the
removal of ovogenetic nucleoplasm, while the other resulted in
a reduction in the number of ancestral germ-plasms. But at
that time there were no ascertained facts which supported the
supposition of such a difference, and I did not wish to bring
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part remains unchanged, and at a later period forms the germ-
cells of the young organism, after having undergone an in-
crease in quantity. According to this supposition therefore
the germ-plasm of the parents must be found unchanged in
the germ-cells of the offspring. If this theory were false, if
the germ-plasm of the germ-cells were formed anew by the
organism, perhaps from Darwin’s ‘¢ gemmules’ which pour into
the germ-cells from all sides, it would be impossible to under-
stand why it has not been long ago arranged that each
germ-cell should receive only half the number of the ancestral
gemmules present in the body of the parent. Hence the ex-
pulsion of the second polar body—assuming the validity of
my interpretation—is an indirect proof of the soundness of the
theory of the continuity of the germ-plasm, when contrasted
with the theory of pangenesis. If, furthermore, a kind of
cyclical development of the idioplasm took place, as supposed
by Strasburger, and if its final ontogenetic stage resulted in
the re-appearance of the initial condition of the germ-plasm,
we should fail to understand how any of the ancestral germ-
plasms could be lost during such a course of development.

Whichever view, the latter or the theory of the continuity of
the germ-plasm, be correct, in either case the male germ-cells
of the young animal must contain the same germ-plasm as that
which existed in the fertilized maternal egg, that is to say, they
must contain all the ancestral germ-plasms of the father and
the mother. Here therefore a reduction must occur, for other-
wise the number of ancestral germ-plasms would be increased
by one half at every fertilization. The egg-cell would furnish
3, but the sperm-cell § of the total quantity of germ-plasm
present in the germ-cells of the parents. But there is no
reason for believing that the reduction of germ-plasm in the
sperm-cell must proceed in precisely the same way as in the
egg-cell, viz. by the expulsion of a polar body. On the contrary,
the processes of spermatogenesis are so remarkably different
from those of ovogenesis that we may expect to find that
reduction is also brought about in a different manner.

The egg-cell does not expel the superfluous ancestral germ-
plasms until the end of its development, and in a form which
induces the destruction of the separated portion. This is
certainly remarkable, for germ-plasm is a most important
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different combinations of ancestral germ-plasm would arise,
and two hundred different kinds of germ-cells would be found
in the mature ovary. A still greater number of different com-
binations of hereditary tendencies would arise if the * reducing
division’ occurred still later ; but undoubtedly the diversity in
the composition of the germ-plasm must be greatest of all
when the ‘reducing division’ does not take place during the
period in which the germ-cells undergo multiplication, but at
the end of the entire course of ovarian development, and
separately in each full-grown mature egg ready for embryonic
development. In such a case there will be as many different
combinations of ancestral germ-plasms as there are eggs, for,
as I have shown above, it is hardly conceivable that such a
complex body as the nuclear substance of the egg-cell—com-
posed of innumerable different units—would ever divide twice
in precisely the same manner. Every egg will therefore con-
tain a somewhat different combination of hereditary tendencies,
and thus the offspring which arise from the different germ-
cells of the same mother can never be identical. Hence by the
late occurrence of the  reducing division’ the greatest possible
variability in the offspring is secured.

If my interpretation of the second polar body be accepted, it
is obvious that the late occurrence of the ‘reducing division’
is proved. At the same time we receive an explanation of
the advantage gained by the postponement of the reduction
of the germ-plasm until the end of the ovarian development
of the egg; because the greatest possible number of individual
variations in the offspring are produced in this way.

If I am not mistaken, this argument lends additional support
to the idea which I have previously propounded,—that the
most important duty of sexual reproduction is to preserve and
continually call forth individual variability, the foundation upon
which the transformation of species is built 1.

But if it be asked whether the postponement of the ¢ reducing
division’ to the end of the ovarian development of the egg is
inconsistent with the preservation of the other half of the
dividing nucleus, I should be inclined to reply that a ¢ reducing
division’ of the mature egg, resulting in the production of two

! See the preceding Essay on ¢ The Significance of Sexual Repro-
duction in the theory of Natural Selection.’
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hereditary tendencies. On this fact the well-known differences
between the children of the same parents depend.

But the deeper meaning of this arrangement must doubtless
be sought for in the individual variability which is thus con-
tinuously kept up and is always being forced into new com-
binations. Thus sexual reproduction is to be explained as
an arrangement which ensures an ever-varying supply of
individual differences.
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414 ON SUPPOSED BOTANICAL PROOFS OF [vi.

the body (soma) of the plant may also influence the sexual cells.
If the apical shoot of a young spruce fir be cut off, one of the
lateral shoots of the whorl next below the section rises and
becomes an apical shoot : it not only assumes the orthotropic
growth of such a shoot, but also its mode of branching. The
phenomenon itself is well known, and I have often observed it
myselfin my garden without making any botanical experiments;
for this experiment is not uncommonly made by Nature her-
self, when the apical shoot is destroyed by insects (for example
the gall-making Chermes). The change of the lateral into an
apical shoot occurs here in consequence of the loss of the true
apical shoot, and is therefore really dependent upon it. The
only difficulty is to understand how these and many other
kindred phenomena can be considered to prove the transmission
of acquired characters. That correlation exists between the
parts of an organism, that correlated changes are not only
common but nearly always accompany some primary change,
has been perfectly well known since Darwin’s time, and I am
not aware that it has been disputed by any one. 1 further
believe that hardly any one would maintain that it is impessible
for the reproductive organs to be influenced by correlation.
But this is very far from the admission that such changes would
occur in the germ-cells as would be necessary for the trans-
mission of acquired characters. For such transmission to
occur it would be necessary for the germ-plasm (the bearer of
hereditary tendencies) to undergo a transformation correspond-
ing to that produced by the external influences ;—such a trans-
formation as would cause the future organism to spontaneously
develope changes similar to those which its parent had
acquired. But since the germ-plasm is not an organism in the
sense of being a microscopic facsimile which only has to
increase in size in order to become a mature organism, it is
obvious that the developmental tendencies must exist in the
specific molecular structure, and perhaps also in the chemical
constitution of the germ-plasm itself. It therefore follows that
the changes in the germ-plasm which would be required for
the transmission of an acquired character must be of an entirely
difterent nature from the change itself acquired by the body of
the parent plant: and yet it is supposed that the former is
produced by the latter as a result of correlation. I will illustrate
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existent tree, and we are not therefore concerned, in this
method of propagation, with a succession of generations, but
with the successive distribution of one and the same individual
over many wild stocks. But no one will doubt that one and
the same individual can be gradually changed during the course
of its life, by the direct action of external influences. The
really doubtful point is whether such changes can be transmitted
by means of the germ-cells. If, as I presume, the English in
Ceylon do not care to eat wild cherries but prefer the cultivated
kinds, it follows that the branches which bear fruit in that
island have not been developed from germ-cells, at any time
since their introduction, and there is nothing to prevent them
from gradually changing their anatomical and physiological
characters in consequence of the direct influence of climate.

Hence the instance which Detmer looks upon as plainly con-
clusive, can hardly be accepted in support of such a far-reaching
assumption as the transmission of acquired characters.

It is therefore clear that none of the facts brought forward
by Detmer really afford the proofs which he believes that they
offer. But another botanist, Professor Hoffmann of Marburg,
well known for his long-continued experiments on variation,
has recently called attention to certain other botanical facts in
support of the transmission of acquired characters. These facts
are indeed conclusive, if we accept the author’s use of the
term ‘acquired,’ but it will be found that they lead to hardly
any modification in the state of existing opinion upon the
subject.

In a short note, dated Jan. 1, 1888, the author communicated
to this journal (‘ Biologisches Centralblatt’) the statement that
changes in the structure of flowers caused by poor nutrition can
be proved to be hereditary to a greater or less extent .

A more elaborate account of the experiments will be found
in several numbers of the ¢ Botanische Zeitung,’ and the author
expresses his final results in the following words (see Bot. Zeit.
1887, p. 773) :—* These experiments prove with certainty (1) that
insufficient nutrition may cause considerable morphological
changes (viz. qualitative variations) which are in the first place
acquired by the sexual apparatus of the flower, (a) that the

! Compare Biol. Centralbl. Bd. VII. No. ar.

































vorL
The Supposed Transmission of
Mutilations.

1888.

A lecture delivered at the Meeting of the Association of German
Naturalists at Cologne, September 1888,





















438 SUPPOSED TRANSMISSION OF MUTILATIONS. (VI

We will now consider in greater detail the facts which have
hitherto been brought forward upon this point. It is not my
purpose to discuss every single case which has been mentioned
anywhere or by anybody; such a discussion would hardly lead
to any result. I propose to select a small number of such
instances, in order to show why they cannot be maintained as
proofs. I shall chiefly deal with cases which have been
brought forward as especially strong proofs by my opponents,
and which have been carefully and completely examined. |
shall attempt to show that these are not conclusive and that
they must be explained in an entirely different manner. The
insufficiency of the proof does not always depend upon the
same circumstances, and, according to the latter, we may dis-
tinguish different classes of cases.

First of all we may briefly mention those instances in which
the necessary precautions have not been taken before drawing
conclusions.

To this class belong the tailless cats which were shown at
last year’s (1887) Meeting of the Association of German
Naturalists, at Wiesbaden. These cats had inherited their
taillessness, or rather their rudimentary tails, from the mother
cat, which ‘was said’ to have lost her tail by the wheel of 2
cart having passed over it. Not only did the owner of the
cats, Dr. Zacharias, consider them as a proof of the trans-
mission of mutilations, but in a recently-published work, entitled
‘On the Origin of Species, based upon the Transmission of
acquired characters’ (‘ Ueber die Entstehung der Arten auf
Grundlage des Vererbens erworbener Eigenschaften’), the
author, Prof. Eimer, speaks of these cats in the preface asa
‘valuable’ instance of the transmission of mutilations : these
examples therefore form part of the foundation upon which the
author builds up his theoretical views.

Certainly, the ‘want of tails in young cats, of which the
mother had lost its tail by an accident, would have been well
worth consideration, but unfortunately there is no trustworthy
record as to how the mother cat became tailless. Without
absolute certainty upon this point the evidence becomes utterly
worthless; and Dr. Zacharias has acted very wisely in after-
wards admitting that this is the case, for inherent taillessness
has been known in cats for a long time. The tailless race of
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Such a reduction of the tail occurs quite independently of
artificial injury, in individuals of which the parents were not in-
jured : it is even found in races, such as the dachshund, which,
as far as we know, have never been habitually mutilated.

But the fact is rendered especially interesting because the
reduction of the vertebral column in the region of the tail takes
place in very various degrees. Sometimes only four vertebrae
are absent, sometimes as many as ten. The degree of ab-
normality in shape and the degree of coalescence between
the vertebrae also differ greatly. Hence Bonnet rightly con-
cludes that a slow and gradual process of reduction is going on
in these animals, a process which tends, as it were, to shorten
the tail. [ intentionally say ‘as it were, for of course the state-
ment must not be taken literally, and we must not conclude
that the process of reduction is a consequence of some
hypothetical developmental force seated in the organism, of
which the purpose is to remove the tail. On the contrary,
this instance shows very clearly that the appearance of a
development guided in a certain direction may be produced
without the existence of any motive developmental force.

The disposition of the tail to become rudimentary, in cats and
dogs, may be explained in the simplest way, by the process
which 1 have formerly called panmixia. The tail is now of
hardly any use to these animals; and neither dog nor cat
would perish because they possessed only an incomplete tail
Hence natural selection does not now exercise any influence
over these parts, and an occasional reduction is no longer
eliminated by the early destruction of its possessor : therefore
such reduction may be transmitted to the offspring.

The race of tailless foxes which, according to Settegast,
existed during the present century on the hunting-grounds of
Prince Wilhelm zu Solms-Braunfels, very soon disappeared;
while cats and dogs with rudimentary tails have been
preserved in many cases. Such results are to be expected,
because in these domesticated animals the absence of the
tail did not cause any inferiority in the struggle for existence.

But these facts appear to me to be remarkable in another
direction. I previously mentioned the tailless race of Manx
cats. Tradition does not tell us how it happened that the

ﬂdescendants of the first tailless cat in the Isle of Man were able
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flowers, begin to appear : these are propagated by seed and
are therefore the consequence of variations in the germ. The
fact that such variations sever occur in the first generation
proves that they must be prepared for by a gradual trans-
formation of the germ-plasm.

It is therefore possible to imagine that the modifying effects
of external influences upon the germ-plasm may be gradual
and may increase in the course of generations, so that visible
changes in the body (soma) are not produced until the effects
have reached a certain intensity.

Thus no conclusive theoretical objections can be brought
forward against the supposition that the hereditary trans
mission of mutilations requires (e. g.) 1000 generations before it
can become visible. We cannot estimate a priori the strength
of the influences which are capable of changing the germ-
plasm, and experience alone can teach us the number of
generations through which they must act before visible effects
are produced.

If therefore mutilations really act upon the germ-plasm
as the causes of variation, the possibility or even probability
of the ultimate appearance of hereditary effects could not be
denied.

Hence the experiments on mice, when taken alone, do not
constitute a complete disproof of such a supposition : they
would have to be continued to infinity before we could main-
tain with certainty that hereditary transmission cannot take
place. But it must be remembered that all the so-called proofs
which have hitherto been brought forward in favour of the
transmission of mutilations assert the transmission of a single
mutilation which at once became visible in the following
generation. Furthermore the mutilation was only inflicted
upon one of the parents, not upon both, as in my experiments
with mice. Hence, contrasted with these experiments, all
such ‘proofs’ collapse ; they must all depend upon error.

It is for this reason important to consider those cases of
habitual mutilation which have been continually repeated for
numerous generations of men, and have not produced any
hereditary consequences. With regard to the habitually
amputated tails of cats and dogs I have already shown that
there is only an apparently hereditary effect. Furthermore,
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